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[type of document] specification 
[title of the invention] 
optical head device 
[scope of the claim (s)] 

5 [Claim l] 

An optical head device comprising a light source, an 
objective lens for converging outgoing light from the 
light source on an optical recording medium, a phase 
correcting element provided between the light source and 

10 the objective lens to change a wave front of the outgoing 
light, and a control voltage generator for output ting a 
voltage for changing the wave front to the phase 
correcting element, characterized in that the phase 
correcting element includes an anisotropic optical medium 

15 sandwiched between a pair of substrates, at least one of 
the substrates being transparent, the paired substrates 
have surfaces provided with electrodes for voltage 
application to the anisotropic optical medium, and the- 
electrode on at least one of the substrates has a 

2 0 plurality of power supply electrodes provided thereon at 
different positions, thereby providing different voltages 
to the plural power supply electrodes. 
[Claim 2] 

The optical head device according to Claim 1, 
2 5 wherein the electrodes have a sheet resistance of not 
less than 100 fi/D. 
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[Claim 3] 

The optical head device according to Claims 1 or 2 , 
wherein the anisotropic optical medium is a liquid 
crystal . 
5 [Claim 4] 

The optical head device according to Claim 1, 2 or 3 , 
wherein only one of the paired substrates is a 
transparent substrate . 
[detailed description of the invention] 

10 [Technical Field to which the Invention Belongs] 

The present invention relates to an optical head 
device, which carries out recording and reproducing of an 
optical recording medium, such as an optical disc. 
[Prior Art] 

15 Since a DVD as an optical disc has digital 

information recorded thereon in a high density in 
comparison with a CD as another optical disc, an optical 
head device for reproducing DVDs has the wavelength of a 
light source set at 650 nm or 63 5 nm shorter than 7 80 nm 

20 for CDs or i the numerical aperture (NA) of an objective 

lens set at 0 . 6 greater than 0.45 for CDs, decreasing the 
spot size where the light converges on an optical disc 
surface . 

In addition, it has been proposed that the 
25 wavelength of the light source be set about 400 nm and 
the NA be set at not less than 0.6 to obtain a greater 
recording density in the next generation of optical 



- 3 - 

recording. However, a decrease in the wavelength of the 
light source or an increase in the NA of the objective 
lens causes an allowable amount in tilt caused by 
inclination of an optical disc surface with respect to a 
5 direction perpendicular to the optical axis or an 

allowable amount in thickness variations of an optical 
disc to decrease. 

The reason why these allowable amounts decrease is 
that the generation of coma aberration for tilted optical 

10 discs or the generation of spherical aberration for 

thickness variations of optical discs degrades the light 
convergence properties of an optical head device to make 
reading of signals difficult. There have been proposed 
several methods for expanding the allowable amounts of 

15 optical head devices with respect to tilted optical discs 
or the thickness variations in case of high density 
recording . 

One of the methods is one wherein the actuator for 
an objective lens which is usually movable in two axial 

20 directions of a tangential direction and a radial 

direction of an optical disc has an axis for inclination 
added therein to incline the objective lens in response 
to a detected tilt angle. However, this addition method 
creates problems in that the spherical aberration can not 

2 5 be corrected and the structure of the actuator is 
complicated, for instance . 

Another method is one wherein a phase correcting 
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element provided between an objective lens and a light 
source corrects spherical aberration. This correction 
method can expand the allowable amount in tilts or 
thickness variations of optical discs only by 
5 incorporation of the element into an optical head device 
without providing the actuator with significant 
modifications . 

For example, there is JP-A-1020263 directed to the 
correction method wherein a phase correcting element is 

10 utilized to correct the tilt of optical discs. This is a 
method wherein voltages are applied to divided electrodes, 
that are separately provided on each of a pair of 
substrates with a birefringent material, such as a liquid 
crystal, forming a phase correcting element sandwiched 

15 therewith, the substantial refractive index of the 

birefringent material is changed in response to the tilt 
angle of an optical disc, and the phase (wave front) 
change of transmitted light caused by the change in the 
refractive index corrects the coma aberration caused by 

20 the tilt of the optical disc. 

[Problems that the Invention is to Solve] 
However, the conventional phase correcting element 
requires that the electrodes on the phase correcting 
element be divided into plural segments, and the 

2 5 respective divided segments have different voltages as 
different control signals applied thereto in order to 
change the wave front of outgoing light from the light 
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source to correct wave front aberration. For this reason, 
many electrodes, wires and external signal sources (power 
sources) are needed to obtain a desired form of wave 
front, creating problem in that the structure of the 
5 element is complicated, and the use of many external 
signal sources (power sources) makes the device 
troublesome. Additionally, it is difficult to provide a 
continuous change with a single electrode since the 
variation in the wave front is even on that electrode. 

10 Further, the regions between divided electrodes could 
cause a decrease in transmission rate of light due to, 
e.g., light scattering since no. external signal can be 
applied to the regions. 

[Means of Solving the Problems] 

15 The present invention is provided to solve these 

problems and provides an optical head device comprising a 
light source, an objective lens for converging outgoing 
light from the light source on an optical recording 
medium, a phase correcting element provided between the 

2 0 light source and the objective lens to change a wave 
front of the outgoing light, and a control voltage 
generator for outputting a voltage for changing the wave 
front to the phase correcting element, characterized in 
that the phase correcting element includes an anisotropic 

2 5 optical medium sandwiched between a pair of substrates, 
at least one of the substrates being transparent, the 
paired substrates have surfaces provided with electrodes 



for voltage application to the anisotropic optical medium, 
and the electrode on at least one of the substrates has a 
plurality of power supply electrodes provided thereon at 
different positions, thereby providing different voltages 
to the plural power supply electrodes. 

The present invention also provides an optical head 
device, wherein the electrodes have a sheet resistance of 

not less than 100 fi/D. 

The present invention also provides an optical head 
device, wherein the anisotropic optical medium is a 
liquid crystal. 

The present invention also provides an optical head 
device, wherein only one of the paired substrates is a 
transparent substrate . 

[Mode of Carrying out the Invention] 

Fig. 1 is shown an example of the principle and 
structure of the optical head device according to the 
present invention. The optical head device shown in Fig. 
1 is one that reproduces information recorded on an 
optical disc 8, such as a CD and a DVD, wherein outgoing 
light from a light source 1, such as a semiconductor 
laser, is made into collimated light by a collimating 
lens 3 after passing through a polarized beam splitter 2, 
such as a hologram type one, passes through a phase 
correcting element 4, is reflected in a 90° direction by 
an upwarding guiding mirror 11, passes through a quarter- 
wave plate 5, and is converged on the optical disc 8 by 
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an objective lens 6 provided in an actuator 7. In this 
example, both paired substrates forming the phase 
correcting element 4 are transparent. 

The converged light is reflected by the optical disc 
5 8, sequentially passes the objective lens 6, the quarter- 
wave plate 5, the upwarding guiding mirror 11, the phase 
correcting element 4 and the collimating lens 3 in the 
reverse direction, and then is diffracted by the 
polarized beam splitter 2 to enter a photo-detector 9. 

10 When the outgoing light from the semiconductor laser 1 is 
reflected by the optical disc 8, the reflected light is 
amplitude-modulated by information recorded on the 
optical disc surface, and the recorded information can be 
read as light intensity signals by the photo-detector 9. 

15 The polarized beam splitter 2 includes, e.g., a 

polarized hologram and intensively diffracts light with a 
polarized component in an anisotropic direction (a 
direction having different refractive indices) to direct 
the light to the photo-detector 9. A phase correcting 

20 element control circuit 10 as a control voltage generator 
outputs a voltage to the phase correcting element 4 so 
that, for example, the intensity of reproduced signals 
from the optical disc obtained by the photo-detector 9 
are optimized. The voltage outputted from the phase 

25 correcting element control circuit 10 is a voltage in 

response to an amount of the tilt of the optical disc or 
an amount of the shift of the objective lens, which is a 
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substantially variable voltage applied to an electrode of 
the phase correcting element 4. 

The upwarding guiding mirror 11 works to reflect the 
outgoing light from the semiconductor laser 1 in about a 
5 90° direction to direct the light into the optical disc, 
and the mirror is an optical element, which is preferably 
used to reduce the thickness of the optical head device 
(in a direction perpendicular to the surface of the 
optical disc 8) . Normally, an optical element with a 

10 highly reflective film, such as aluminum, deposited on a 
glass surface is used as the mirror. 

Although the mirror 11 is utilized to change the 
light path of the outgoing light from the semiconductor 
laser 1 in Fig. 1, the direction of the outgoing light 

15 from the semiconductor laser 1 may be originally set to 

extend perpendicularly to the surface of the optical disc 
8 without using the mirror 11. 

An optical crystal, such as lithium niobate, or a 
liquid crystal can be used as the anisotropic optical 

20 medium. It is preferable that a liquid crystal is used 

as the anisotropic optical medium since it is possible to 
control a substantial refractive index easily by a low 
voltage, such as about 6V, and continuously in response 
to the magnitude of a voltage. A liquid crystal is 

25 preferable since it has good productivity in comparison 
with, e.g., an optical crystal, such as lithium niobate. 
From this viewpoint, a case wherein a liquid crystal 
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material is used as the anisotropic optical medium will 
be explained. 

A nematic liquid crystal, which is used for display 
applications, is suited as the liquid crystal material to 
5 be used, and the nematic liquid crystal may be twisted by 
addition of a chiral agent. 

As the material of the substrates to be used, glass, 
acrylic resin, epoxy resin, vinyl chloride resin and the 
like may be used, and glass substrates are preferable in 

10 terms of durability and other factors. From this 

viewpoint, a case wherein glass is used as the substrate 
material will be explained. 

Now, the structure of the phase correcting element 
used in the present invention will be described, 

15 referring to Fig. 2. Glass substrates 21a, 21b are 

bonded by seals 22 with, e.g., epoxy resin contained as a 
main component to provide a liquid crystal cell. The 
seals 22 include a spacer made of, e.g., glass and an 
electrically conductive spacer having, e.g., gold coated 

20 on a surface of, e.g., resin. The glass substrate 21a 

has an electrode 24a, an insulating layer 25 with silica 
and another material contained as main components, and an 
alignment layer 2 6 coated on an inner surface thereof in 
this order from the inner surface, and the glass 

25 substrate 21b has an electrode 24b, an insulating layer 
25 with silica and another material contained as main 
components, and an alignment layer 2 6 coated on an inner 
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surface thereof in this order from the inner surface. 
The liquid cell may have an outer surface coated with an 
ant i- re flection film. 

The electrode 24a has a wiring pattern that has an 
5 electrode lead 27 connected with the phase correcting 
element control circuit through a connecting wire. The 
electrode 24b is electrically connected to the electrode 
2 4a on the glass substrate 21a through the conductive 
spacers having gold or another material coated thereon as 

10 explained, and the electrode 24b can be connected to the 
phase correcting, element control circuit at the electrode 
lead 27 through the connecting wire. Although it is not 
shown in Fig. 2 that the electrode 24b and the electrode 
24a contact the seals 22, both electrodes contact the 

15 seals in a direction in parallel with the drawing sheet 
to be electrically connected through conductive spacers. 
The liquid crystal cell has liquid crystals 23 filled 
therein, and liquid crystal molecules 2 8 shown in Fig. 2 
are in a homogeneous alignment state with single 

2 0 alignment. 

In accordance with the present invention, at least , 
one of the electrode 24a and the electrode 24b has two or 
more of power supply electrodes provided at different 
positions on a surface thereof to supply different 

2 5 voltages to the positions. In other words, two or more 
supply portions are provided in case of the provision of 
the supply portions on a single electrode, and two or 
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more power supply electrodes are provided on the 
respective electrodes in case of the provision of the 
power supply electrodes on both electrodes (totally four 
or more power supply electrodes) . 
5 As the material for the alignment layers are 

preferable ones with the liquid crystal molecules 28 
having a pretilt angle between 2°-10° and acceptable ones 
with a polyimide film subjected to rubbing treatment in 
right-hand and left-hand directions in parallel with the 

10 drawing sheet of Fig. 2 or with a silica layer obliquely 
deposited. An increase in the difference between the 
ordinary refractive index and the extraordinary 
refractive index of a liquid crystal and a decrease in 
the spacing of the liquid cell are preferable in terms of 

15 good response. However, it is preferable that the 

difference between the ordinary refractive index and the 
extraordinary refractive index is 0.1-0.2 and that the 
spacing is about 2-5 urn since fabrication of the liquid 
cell becomes more difficult as the spacing becomes 

20 smaller. 

In the case of the optical head device shown in Fig. 
1, the material for the electrodes 24a, 24b preferably 
has a high transmission rate since the paired substrates 
are both transparent and since light passes through the 
25 phase correcting element 4, and a transparent and 

electrically conductive film, such as ITO film, may be 
used. In this case, the phase correcting element 4 is 
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used as a transmission element. 

However, when only one of the paired substrates is a 
transparent substrate, either one of the electrodes 24a, 
24b can be fabricated from a material having a high 
5 reflectivity, such as aluminum and chromium, to use the 
phase correcting element 4 as a reflection element. In 
this case, the phase correcting element 4 in place of the 
upwarding guiding mirror 11 of Fig. 1 can be located at 
the position of the mirror. If the electrode on the side 

10 with the light entering first (e.g., the electrode 24a) 
is a transparent electrode having a high transmission, 
rate, and the other electrode (e.g., the electrode 24b) 
is an electrode having a high reflectivity, the light 
having entered the phase correcting element 4 passes 

15 through the transparent electrode 24a and the liquid 
crystal, is reflected by the electrode 24b and is 
directed to the optical disc 8, passing through the 
liquid crystals and the transparent electrode 24a. 
When a reflection element is used as the phase 

20 correcting element 4 as stated earlier, i.e., when one of 
the paired substrates forming the phase correcting 
element is a transparent substrate, the number of parts 
can decrease and the thickness of the optical head device 
can be made thinner since the upwarding guiding mirror of 

25 Fig. 1 can be replaced by the phase correcting element 4. 
In this case, the spacing of the liquid crystal cell (the 
thickness of the liquid crystal layers in the liquid 
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crystal cell) may be differentiated from the case of a 
transmission element since the light entering the phase 
correcting element 4 passes through the liquid crystals 
23 twice at an angle of about 45°. 
5 Now, the power supply electrodes for voltage supply, 

which are provided on the electrode of a substrate 
forming the phase correcting element and sandwiching the 
anisotropic optical medium in the present inventions, 
will be explained. 

10 In the present invention, each of the paired 

substrates has each of the electrodes provided thereon, 
totally providing the two electrodes. It is preferable 
that the respective electrodes are provided on the 
opposed surfaces of the paired substrates. It is 

15 acceptable that one of the two electrodes may have two or 
more power supply electrodes provided at different 
positions thereon, and the other electrode may have a 
single power supply electrode, or that the two respective 
electrodes may have two or more power supply electrodes 

20 provided at different positions thereon. In the case 
wherein each of the electrodes on the two surfaces has 
two or more power supply electrodes provided thereon, the 
power supply electrodes may be located in confronted 
fashion or in unconfronted fashion between both 

25 electrodes. 

When voltages are applied to the anisotropic optical 
medium, the respective power supply electrodes work as 
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stated below. 

When only one of the electrodes has two or more 
power supply electrodes provided thereon, the electrode 
having a single power supply electrode serves as a common 
5 electrode C (equal potential) , different voltages are 

supplied between the two or more power supply electrodes 
(Si, S 2 , S3...) on the one electrode and the common 
electrode, i.e., between C-Si, C-S 2 , C-S3-..- 

When each of the electrodes has two or more power 

10 supply electrodes provided thereon, and when the power 
supply electrodes are located in confronted fashion 
between both electrodes, different voltages are supplied 
between the two or more power supply electrodes (S x , S 2 , 
S 3 ...) on one of the electrode and the two or more power 

15 supply electrodes (Si 7 , S 2 ' , S 3 ' . . . ) on the other 
electrode, i.e., between Si' -Si, S 2 '-S 2 , S 3 '-S 3 .... 

When each of the electrodes has two or more power 
supply electrodes provided thereon, and when the power 
supply electrodes are located in unconfronted fashion and 

2 0 deviated each other between both electrodes, different 
voltages are supplied between the two or more power 
supply electrodes (Si, S 2 , S 3 . . . ) on one of the electrode 
and the two or more power supply electrodes (Ti, T 2 , 
T 3 . . . ) on the other electrode, i.e., between T1-S1, T 2 -S 2 , 

25 T3-S3 .... 

In case of the provision of the electrodes in 
unconfronted fashion, the shape or the size of the power 
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supply electrodes may be different from each other 
between Ti and Si, T 2 and S 2 , T 3 and S 3 , and another pair, 
and a suitable shape or a suitable size may be selected 
according to purposes. In case of the provision of the 
5 electrodes in confronted fashion as well, the shape or 
the size of the power supply electrodes may be different 
from each other as required. 

The provision of the power supply electrodes at 
about 10 locations on an electrode can change the wave 
10 front at a sufficient amount, though the number of the 

power supply electrodes varies according to their purpose 
or shape . 

Although metal materials, such as copper, gold, 
aluminum and chromium, are preferable as the power supply 

15 electrode material in terms of electrical conductivity 

and durability, materials except for metal can be used as 
long as their specific resistance is about 10 _8 -10" 7 O-m 
at room temperature . 

On the other hand, as the electrode material, a 

20 transparent conductive film, such as an ITO film, is 
proper, and it is preferable that the ITO film has a 
higher sheet resistance, especially not less than 100 
n/D. As the sheet resistance is higher, the potential 
between adjoining electrodes can have a continuously 

25 variable pattern in easier fashion. 

Under the circumstances, although each of the power 
supply electrodes S lf S 2 , S 3 . . . has an equal potential 



therein in a case wherein two or more power supply- 
electrodes are provided on only one of the electrodes and 
the two or more supply portions have different voltages 
supplied thereto, the potential between Si and S 2 , for 
5 instance, has a continuously variable pattern due to the 
provision of the ITO film having a high resistance. The 
continuously variable state is also applied to a case 
wherein two or more power supply electrodes are provided 
on the two electrodes and different voltages are supplied. 

10 It is preferable that the shape and the size of the 

power supply electrodes are varied according to 
circumstances as stated earlier. The shape and the size 
may be varied according to the kind of wave front 
aberration to be corrected or the shape of a wave front 

15 to be generated since changes in the wave front caused by 
the phase correcting element depend on the shape and the 
size of the power supply electrodes. Examples of the 
wave front aberration are coma aberration, spherical 
aberration, astigmatism and the like. 

2 0 For example, in the case of comma aberration, it is 

preferable that an electrode has a central portion 
provided with a power supply electrode in a rectangular 
or linear shape and a peripheral portion provided with a 
power supply electrode in a shape similar to a peripheral 

2 5 portion of the electrode (e.g. an arced shape) jLn a 
normal case . 

In the case of spherical aberration, it is 
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preferable that there are provided a plurality of power 
supply electrode in a concentric shape, wherein an 
increased number of the power supply electrodes provides 
a further desired potential distribution. 
5 In the case of astigmatism, it is preferable that a 

plurality of power supply electrodes are radially 
provided so as to pass through a single point at a 
central portion of the electrode, wherein an increased 
number of the power supply electrodes provides a further 
10 desired potential distribution. 

In addition, it is possible to correct wave front 
aberration including both coma aberration and spherical 
aberration, wherein there may be adopted measures, such 
as a combination of the linear power supply electrode and 
15 the concentric power supply electrodes stated earlier. 
Since coma aberration, spherical aberration, 
astigmatism etc. as the wave front aberration is caused 
by the optical head device as a system, the phase 
correcting element according to the present invention can 
2 0 be incorporated into the optical head device to correct 
the wave front aberration effectively. 

[Examples] 
[EXAMPLE 1] 

The optical head device according to this example 
25 includes a phase correcting element for correcting the 

coma aberration caused by a tilt of an optical disc, and 
the phase correcting element is characterized in that, 
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even if there is caused a shift in an object lens in a 
radial direction of the optical disc, the element can 
obtain a phase (wave front) distribution for proper 
correction without integrally driving the objective lens 
5 and the phase correcting element. The optical head 
device with the phase correcting element incorporated 
thereinto in this example is one shown in Fig. 1. 

Fig. 3 shows the electrode pattern of the phase 
correcting element in this example, wherein the hatched 
10 portion indicates a transparent electrode 3 0 made of an 
ITO film as an electrode, and the thick lines indicate 
metal electrodes 31-3 6 as power supply electrodes. The 
metal electrodes 31-36 are connected to signal sources 
(not shown) outside the phase correcting element through 
15 metal wires 37 to be supplied with certain voltages by 
respective signals 1-6. 

The metal electrodes 32-35 have a width of 100 urn 
and a length of 1.5 mm, and the metal electrodes 31 and 
36 have a width of 100 \im and an arced length of 6 mm. 
2 0 The electrode pattern was formed as follows. First, 

an ITO film was deposited on a glass substrate by use of 
a sputtering method, and then the ITO film was patterned 
by use of a photolithographic technique. In that time, 
the ITO film was left at portions for the metal 
2 5 electrodes, and the ITO film was removed at portions for 
the metal wires and their surroundings by etching to make 
. the metal wires isolated from the transparent electrode 
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30. Next, the metal electrodes and the metal wires shown 
in Fig. 3 were provided by a lift-off method. The 
material used for the metal electrodes was aluminum. 

By the way, a region shown in a dotted line in Fig. 
5 3 indicates an effective pupil, through which a light ray 
passes when there is no shift in the objective lens, 
wherein the shape of the electrodes are prolonged by the 
amount of a shift in the objective lens along the shift 
direction (the right-hand and left-hand direction in this 
10 figure) of the objective lens. 

Now, the reason why the phase correcting element of 
this example can be employed to correct the tilt of the 
optical disc effectively even if there is caused a shift 
in the objective lens will be explained. In Fig. 4 is 
15 shown wave front aberration (mainly coma aberration) that 
is a phase change caused when an optical disc having a 
thickness of 0.6 mm is tilted at an angle of 1° in an 
optical head device, where the objective lens has an NA 
of 0.6 and the light source has a wavelength of 0.6 urn. 
2 0 If the phase change by the phase correcting element has a 
reversed phase to the amount of the wave front aberration 
of Fig. 4, the wave front aberration caused by the tilted 
optical disc can be canceled. 

The phase correcting element in this example 
2 5 provided a phase change to cancel the wave front 
aberration as follows: 

First, Fig. 5 shows the phase change that was caused 
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by the phase correcting element when there was no shift 
in the lens. In Fig. 5, the phase change is shown in nm, 
the phase change was caused to have different magnitudes 
of 140 nm (a substantially rectangular portion) and -140 
5 nm (a peripheral portion of the effective pupil) in 

opposite directions in a left half region for instance, 
and the curves between these portions indicate contour 
lines, each of which indicates about 47 nm in this figure. 
In this example, a voltage of 1.5V was supplied to 

10 the metal electrode 31 of Fig. 3, a voltage of 2.7V was 
supplied to the metal electrodes 32, 33 of Fig. 3, a 
voltage of 1.9V was supplied to the metal electrode 34, 
35 of Fig. 3, and a voltage of 3.2V was supplied to the 
metal electrode 3 6 of Fig. 3 when there was no shift in 

15 the lens. In this example, the electrode that was 
opposed to the electrode with the six power supply 
electrodes (the metal electrodes) comprises a transparent 
electrode and constantly is at a potential of 0V. 

Since the transparent electrode 3 0 having a high 

20 resistance is electrically connected to the metal 
electrodes 31-36 having different potentials, the 
voltages vary according to locations, producing an uneven 
voltage distribution. Since the liquid crystal molecules 
in the phase correcting element have alignment directions 

2 5 changed by voltage application to cause variations in the 
alignment direction according to the uneven voltage 
distribution, the phase change 5n-d of incident light 
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varies according to locations. In this explanation, d 
indicates the distance between the substrates of the 
liquid crystal cell, and 5n indicates the substantial 
refractive index difference at each of points therein, 
5 which varies according to an applied voltage. 

In this example, the phase change of Fig. 5, which 
was provided by supplying the voltages to the metal 
electrodes 31-3 6 as explained, canceled the wave front 
aberration of Fig. 4. 

10 Next, a case wherein there was caused a shift in the 

lens in the right-hand direction of Fig. 3 will be 
explained. In Fig. 6 is shown the phase change that is 
provided by the phase correcting element to correct the 
wave front aberration (mainly the coma aberration) caused 

15 when the shift amount of the lens is 0.3 mm and the disc 
has a tilt angle of 1°. In this case, the signals 1-6 
were set so that a voltage of 1.5V was supplied to the 
electrode 31, a voltage of 2.6V was supplied to the 
electrode 33, a voltage of 1.8V was supplied to the 

2 0 electrode 35, and a voltage of 2.7V was supplied to the 
electrode 3 6 though no voltage was not supplied to the 
electrode 32 or 34. The effective pupil on the phase 
correcting element shifts in the right-hand direction, 
following the shift in the lens. From this viewpoint, by 

2 5 supplying the voltages to the metal electrodes 36, 3 5 on 
the right side among the paired metal electrodes 32, 33 
and the paired metal electrodes 34, 35, the wave front 
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aberration shown in Fig. 4 could be corrected since the 
position having the maximum magnitude in the phase change 
moved, following the shift of the lens. 

Likewise, when there was caused a shift in the lens 
5 in the left-hand direction, the wave front aberration 
could be corrected as in the case in the right-hand 
direction since the signals 1-6 were set so that a 
voltage of 1.5V was supplied to the electrode 31, a 
voltage of 2.4V was supplied to the electrode 32, a 
10 voltage of 1.6V was supplied to the electrode 34, and a 
voltage of 2.7V was supplied to the electrode 36, though 
no voltage was supplied to the electrode 36 or 35. 

The maximum value of the shift amount of the lens in 
this examples was 0.4 mm, and the distance between the 
15 metal electrodes 32 and 33, and the distance between the 
metal electrodes 34 and 35 were set at 0 . 6 mm to be able 
to correct the wave front aberration even if the shift 
amount of the lens had the maximum value. It is 
preferable that these distances are set at about 70-80% 
2 0 of the shift amount of the lens to be considered. 

When the shift amount of the lens was larger or 
smaller than 0.3 mm, the voltages supplied to the metal 
electrodes 32-3 5 were properly modified to continuously 
correct the wave front aberration to the tilt of the 
25 optical disc and the shift of the lens. 

Although the case wherein no voltage was supplied to 
the metal electrode 32 or 34 in the above-mentioned case 



- 23 - 

has been explained, a voltage intermediate between the 
voltages supplied to the metal electrodes 31 and 3 3 may- 
be supplied to the metal electrode 32, and a voltage 
intermediate between the voltages supplied to the metal 
5 electrodes 35 and 36 may be supplied to the metal 

electrode 34, providing a phase change similar to Fig. 6. 
[EXAMPLE 2] 

The optical head device according to this examples 
includes a phase correcting element for correcting 

10 spherical aberration caused by variations in the 

thickness of an optical disc. When the thickness of an 
optical disc is deviated from a design value, the 
objective lens produces spherical aberration, lowering 
the reading accuracy of signals. The phase correcting 

15 element for correcting this spherical aberration was 
incorporated as the phase correcting element 4 of the 
optical head device of Fig. 1. However, the phase 
correcting element control circuit 10 was modified for 
the phase correcting element of this example. 

2 0 The element structure of the phase correcting 

element of this example is the same as the one shown in 
Fig. 2, and only the electrode pattern is different as 
stated below. With regard to the production method and 
the structure material of the phase correcting element, 

2 5 the same ones as in the Example 1 were used. Now, the 

principle that the spherical aberration is corrected by 
the phase correcting element of this example may be 
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explained. 

Fig. 7 is a view showing front aberration (spherical 
aberration) that is caused when an optical disc has a 
thickness made thicker than a design value of 0.6 mm by 
5 0.03 mm in an optical system where an objective lens has 
a NA of 0.65 and a light source has a wavelength of 0.4 
yuri. When an optical disc has a thickness made thicker 
than a design value, the phase at an intermediate portion 
between a central portion and a peripheral portion of an 

10 effective pupil advances in comparison with the central 
portion and the peripheral portion, while when the 
optical disc has a thickness made thinner than the design 
value, the phase at the intermediate portion delays in 
comparison with the central portion and the peripheral 

15 portion. The electrode pattern of the phase correcting 
element in this example is shown in Fig. 8. 

In Fig. 8, the hatched portion indicates a 
transparent electrode 80 made of an ITO film, and the 
thick lines indicate metal electrodes 81-83 . The 

20 respective metal electrodes 81-83 are connected to 

different external signal sources through metal wires 84 
to be supplied with certain voltages by respective 
signals 1-3 . The material and the fabrication method of 
the electrode pattern are the same as the ones in the 

25 example 1, and portions of the transparent electrode 80 
around a metal wiring portion thereof connected to the 
metal electrodes 82, 83 are removed by etching in this 



example . 

The metal electrodes 81 and 82 in Fig. 8 have an 
outer diameter of 4 mm and an outer diameter of 3 mm, 
respectively, and a width of 100 urn, and the metal 
electrode 83 has an outer diameter of 200 iam. 

In order to use the phase correcting element to 
correct the spherical aberration that is caused by a 
thickness variation of 0.03 mm of the optical disc, a 
voltage of 2.3V was supplied to the metal electrodes 81, 
83, and a voltage of 2.0V was supplied to the metal 
electrode 82. In this example as well, the electrode 
that was opposed to the electrode with the three power 
supply electrodes (the metal electrodes) comprises a 
transparent electrode and constantly is at a potential of 
0V as in the Example 1 . 

Fig. 9 shows the phase change that was caused by the 
phase correcting element. In Fig. 9 as in Fig. 5, the 
phase change is shown in nm, a central portion of the 
circles and a peripheral portion have a phase change of 0 
nm, and a region having a phase change of -100 nm is 
located in an intermediate portion. The plural circles 
in solid lines indicate contour lines, each of which 
indicates 20 nm in the region of -100 nm and about 30 nm 
outside the region. 

The transparent electrode 80 produces a voltage 
distribution according to the voltages applied to the 
respective metal electrodes. The above-mentioned 
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explanation is also applicable, and the phase correcting 
element can produce the phase change in a concentric 
shape shown in Fig. 9 since the voltage distribution 
causes a substantial refractive index rate distribution 
5 in the liquid crystal. 

On the other hand, when the thickness of a optical 
disc is thinner by 0.03 mm, a voltage of 2.0V may be 
supplied to the metal electrodes 81, 83, and a voltage of 
2.3V is supplied to the metal electrode 82, correcting 

10 the spherical aberration wherein the positive and 

negative signs in Fig. 7 are reversed . Thus, the phase 
change caused by the phase correcting element also have a 
form wherein the positive and negative signs in Fig. 9 
are reversed to cancel the spherical aberration. As 

15 explained, proper voltages can be supplied to the metal 

electrodes 81, 82, 83 to correct the spherical aberration 
of Fig. 7. Both metal electrodes 81, 83 may be coupled 
together and connected to a single power source since 
optical properties are not significantly effected even if 

20 an equal voltage is constantly supplied to the metal 
electrodes . 

[Effects of the Invention] 

As explained, the optical head device according to 
the present invention can effectively correct the wave 
25 front aberration caused by the tilt of an optical disc, a 
thickness variation thereof or another factor to obtain 
excellent signal light with noise minimized since two or 



more supply portions can be provided on at least one of 
electrodes formed on the paired substrates forming the 
phase correcting element, producing a continuous phase 
(wave front) change in outgoing light from the light 
source by this phase correcting element. 

In addition, even if a shift in the objective lens 
is caused in a radial direction of an optical recording 
medium, the wave front aberration (mainly the coma 
aberration) can be corrected without driving the phase 
correcting element integrally with the objective lens. 
In addition, the spherical aberration caused by the 
thickness variation in an optical disc can be corrected. 
[Brief Explanation of the Drawings] 

[Figure l] 

Schematic sectional view showing an example of the 
principle and structure of an optical head device 
according to the present invention. 

[Figure 2] 

Cross-sectional view showing an example of the phase 
correcting element according to the present invention. 
[Figure 3] 

Schematic plan view showing the electrode pattern of 
the phase correcting element according to a first Example 
[Figure 4] 

Diagram showing wave front aberration, wherein a 
tilt angle of 1° is caused in an optical disc. 
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[Figure 5l 

Diagram showing a phase change caused by the phase 
correcting element according to the first Example (when 
there is no lens shift) . 

5 [Figure 6] 

Diagram showing a phase change caused by the phase 
correcting element according to the first Example (when 
there is a lens shift in the right-hand direction) . 
[Figure 7] 

10 View showing spherical aberration, which is caused 

when an optical disc has a thickness variation of 0.03 mm. 
[Figure 8] 

Circuit diagram showing an example of the equivalent 
circuit of the phase correcting element of a second 
15 Example. 

[Figure 9] 

Diagram showing a phase change caused by the phase 
correcting element according to the second, a third or a 
fifth Example. 
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[Explanation of the Reference Numerals] 




1: 


Semiconductor laser 




2 : 


Polarized beam splitter 




3 : 


Col lima ting lens 




4 : 


Phase correcting element 


25 


5: 


Quarter-wave plate 




6 : 


Object lens 




7 : 


Actuator 
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8: Optical disc 
9: Photo-detector 

10: Phase correcting element control circuit 

21a, 21b: Glass substrate 
5 22: Seal 

23: Liquid crystal 

24a, 24b: Electrode 

25: Insulating layer 

26: Alignment layer 
10 27: Electrode lead 

28: Liquid crystal molecule 

30, 80: Transparent electrode 

31-36: Metal electrode 

37: Metal wire 
15 81-83: Metal electrode 

84: Metal wire 
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[type of document] abstract 

[summary] 

[object] 

There is provided an optical head device, which 
includes a phase correcting element capable of 
continuously varying a wave front of outgoing light from 
a light source in a plane. 
[MEANS OF SOLVING problems] 

The optical head device is configured so that a 
phase correcting element, wherein an anisotropic optical 
medium is provided between transparent substrates with 
two or more of power supply electrodes thereon, and 
wherein a voltage to be applied between opposed power 
supply electrodes is different in every power supply 
electrodes, is provided between a collimating lens 3 for 
collimating outgoing light from a light source 1 and an 
objective lens 6 for converging the outgoing light on an 
optical recording medium 8 . 
[SELECTED FIGURE] Figure 1 



